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ABSTRACT 



Aims. The Seyfert 1.9 galaxy MCG-05-23-016 has been shown to exhibit a complex X-ray spectrum. This source has moderate X- 
I . ray luminosity, hosts a comparably low-mass black hole, but accretes at a high Eddington rate, and allows us to study a super massive 

O ' black hole in an early stage. 

Methods. Three observations of the INTEGRAL satellite simultaneous with pointed Swift/XRT observations performed from 
C/3 , December 2006 to June 2007 are used in combination with public data from the INTEGRAL archive to study the variability of 

. the hard X-ray components and to generate a high-quality spectrum from 1 to 150 keV. 

Results. The AGN shows little variability in the hard X-ray spectrum, with some indication of a variation in the high-energy cut-off 
energy ranging from 50 keV to » 100 keV, with an electron plasma temperature in the 10 - 90keV range. The reflection component 
is not evident and, if present, the reflected fraction can be constrained to R < 0.3 for the combined data set. Comparison to previous 
observations shows that the reflection component has to be variable. No variability in the UV and optical range is observed on a time 
scale of 1.5 years. 

Conclusions. The hard X-ray spectrum of MCG-05~23-016 appears to be stable with the luminosity and underlying power law 
varying moderately and the optical/UV flux staying constant. The reflection component and the iron Ka line seem to have decreased 
between December 2005 and the observations presented here. The spectral energy distribution appears to be similar to that of Galactic 
black hole systems, e.g. XTE 1 1 18+480 in the low state. The AGN exhibits a remarkably high Eddington ratio of Lboi/LEdri > 0.8 (or 
Lboi/I^Edri > 0.1, if we consider a higher mass of the central engine) and, at the same time, a low cut-off energy around 70 keV. Objects 
OO , like MCG-05-23-016 might indicate the early stages of super massive black holes, in which a strong accretion flow feeds the central 

. engine. 
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1. Introduction galaxy, as both seem to be correlated with Mbh - ^O^^Msuige 

(IGebhardt et al. 20001) . 

Active galactic nuclei (AGN) are commonly assumed to be su- „ ,.. , 

™ - U11U1 ■ fu f fi - • u- u Recent studies mtend to not only hnd unihcation models tor 

per massive black holes in the centre or galaxies, in which ac- , , , , , , , . 

. • • • . • • u » *u 1 » the ditterent AGN types but also probe whether their central en- 

cretion processes give rise to emission throughout the electro- . , • , , , 

.^xT , j» j» t J uf» gines and super massive black holes are simply up-scaled ver- 

magnetic spectrum. AGN are observed to date up to redshitts ° ^ , ^ , X,i^,,^^^ 

of z ~ 6.4 (Willott et al. 2007), showing that super massive °f ^a actic black holes like Cyg X-1 GRO J 1655-40, or 

black holes with masses of Mbh ~ 10** Mo must have been GX 339-4. In this context, models of black hole accretion can be 

formed as early as < 0.7 Gyrs after the formation of the first '^''^"^ "^^'"S showing extreme physical properties, like 



stars d Kashlinskyetal.TO . In order to be able to form super luminosity, accretion rate, or Eddington ratio. The Seyfert 1.9 



■' — TT — 1 . 1 7777 — , ^ f »u I T • • galaxy presented here resides in an extreme end of the known 

massive black holes at this early stage of the Universe, merging ° -'^ r ^ -l^ 

events and high accretion rates are required. This black hole evo- Parameter space of AGN. X-ray observations give a direct view 
lution is closely tied to the growth of the bulge of the AGN's host '^["^^ ^ the super massive black hole, providing in- 

sights into the geometry and the state of the matter. The flux and 
spectral variability of the sources in the hard X-rays reflect the 



Send offprint requests to: V. Beckmann ^j^e and physical state of the regions involved in the emission 

* Based on observations with INTEGRAL, an ESA project with in- pj-ocesses (see Utdey & McHardy 2004 for a brief review), 
struments and science data centre funded by ESA member states (espe- 
cially the PI countries: Denmark, France, Germany, Italy, Switzerland, MCG-05-23-016 is one of the brightest Seyfert galaxies 
Spain), Czech Republic and Poland, and with the participation of Russia in the X-rays. This Seyfert 1.9 galaxy at redshift z = 0.0085 
and the USA has not only been studied in the 2 - lOkeV band by most X- 
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ray missions so far, but has also been detected in hard X-rays 
above 20 keV with BeppoSAX/PDS (e.g. Balestra et al. 2004), 
INTEGRAL/lBlS (Soldi et al. 2005), and Swift/BAT (Beckmann 
et al. 2007, Tueller et al. 2008). With a bolometric luminosity 
of Lhoi ^ 2 X lO'^^ergs"' this Seyfert is a moderately luminous 
object, with a comparably small central black hole of Mbh - 
2 X lO'TVlo (Wang & Zhang 2007). Wang & Zhang used the 
width of the OIII Une (Greene & Ho 2005 ) to obtain the b lack 
hole mass from the Mbh - o" relation ( Tre maine et al. 2002l l and 
give the error of the measurement with 0.7 dex. 

Balestra et al. (2004) derived from ASCA, BeppoSAX, 
Chandra and XMM-Newton data that the iron Ko- line apparent 
in the spectrum seems to be a superposition of a narrow and a 
broad component, that a reflection component of R - 0.45 is 
detectable, and that the continuum can be modeled by a photon 
index of T ^ 1.7 and a cut-off at Ec - 110 keV. The obser- 
vations covered a time span from 1994 to 2001, during which 
the object showed little flux variation and a stable spectrum as 
well as constant iron line and reflection component. A recent 
re-analysis of the BeppoSAX data by Dadina (2007) indicates 
a slightly steeper spectrum (F - l-79^[J[Jg) with higher cut- 
off^ energy (Ec = 191t6o°keV), and stron eer reflection com- 
ponent (R = 0.74 ^ogj)- ^" analysis of RXTE data by Mattson 
& Weaver (2004) using a fixed underlying power law slope of 
F = 1.88 led to a variable reflection component in the range 
R = 0.35 - 0.57 and iron Ka line flux (fc, = (1.55 - 1.99) x 
10 "^photons keV ' cm"^ s '). Recently, observations on MCG- 
05-23-016 by Suzaku showed a 0.4 - 100 keV spectrum which 
appeared to be a cut-off" power law of F = 1 .9 and Ec > 110 keV 
plus a dual reflector with R ~ 0.9 and R ~ 0.5, respectively 
dReeves et al. 2007 ). XMM-Newton and Chandra data confirmed 
that the iron Ka line complex consists of a broad and of a nar- 
row component and revealed evidence for outflowing material 
dBraito et al. 20071 . The exact shape and structure of the high- 
energy spectrum of MCG-05-23-016 remains elusive though. 
INTEGRAL and Swift observations can help to shed light on the 
existence and position of the high-energy cut-off' and variability 
of the hard X-ray spectrum. In Section 2 we describe the analy- 
sis of the INTEGRAL and simultaneous Swift observations. We 
discuss the findings in Section 3, with emphasis on similarities 
with Galactic black hole systems and on the fact that the Seyfert 
galaxy apparently operates at high Eddington ratio. Conclusions 
are presented in Section 4. 

2. Observations and data analysis 

The INTEGRAL (Winkler e t al. 2003] ) mission offers the unique 
possibility to perform simultaneous observations of AGN over 
the 3 - 1000 keV energy region. This is achieved by the X-ray 
monitor (3-35 keV) JEM-X (Lund et al. 2003), the soft gam ma- 
ray imager (18- 1000 keV) IBIS/ISGRI (Lebrun' etaT. 20031 1. and 
the spectrograph SPI ( Vedrenne et al. 2003 ). which operates in 
the 20 - 8000 keV region. Each of these instruments employs 
the coded-aperture technique. 

INTEGRAL performed three dedicated pointed observations 
on MCG-05-23-016 in December 2006 (spacecraft revolution 
508) and in May/June 2007 (revolution 565 and 569). As ob- 
serving strategy hexagonal dithering has been chosen in order to 
achieve a sufficient coverage also by the JEM-X monitor. During 
these observations the spectrometer SPI was not available be- 
cause it went through an annealing cycle. In addition and for 
comparison reasons, we analysed INTEGRAL data on MCG-05- 
23-016 which had been taken prior to our observations. During 



Table 2. Spectral fitting of combined Swift/XRT and 
INTEGRAL ISGRI/JEM-Xl data of MCG-05-23-016 us- 
ing an absorbed cut-off power law model 



INTEGRAL 




F 


Ec 


xl 


d.o.f. 


revolution 


[10^- cm-2] 




[keV] 






256 - 282 


1-26 „ 07 


1.49+""'* 


57+^" 

-16 


1.05 


276 


508 


'-■^^ -0.14 


l-76_o.08 


> 90 


1.06 


55 


565 


1 24+"''' 


1 +0.09 
-0.10 


86_25 


0.95 


80 


569 


^ -"^ -0.09 


1 42+009 

^ -^^ -0.09 


A*; +35 
65_ig 


0.92 


97 


all data 


1 24+°"^ 

^•^^-0.05 


1 1-^ +0.07 
-0.05 


72+21 

'^-14 


0.99 


268 



all these measurements the source was too far off-axis to be cov- 
ered by JEM-X. Reliable data from the SPI spectrometer can 
be taken also at larger off-axis angles. Therefore the public SPI 
data include more revolutions than the IBIS/ISGRI data anal- 
ysed here. All INTEGRAL data were analysed using the Offline 
Science Analysis (OSA) software version 7.0 distributed by the 
ISDC dCourvoisier et al. 200 3). For IBIS/ISGRI standard spec- 
tral extraction was applied, using 12 spectral bins in the 18 keV 
to 521 keV energy range. For JEM-X the flux values were ex- 
tracted from imaging analysis in four energy bands (3 - 6 - 10 - 
15-35 keV), which provides more reliable results for a source 
at the flux level of MCG-05-23-016 than standard spectral ex- 
traction. 

In order to achieve a wider spectral energy coverage, 
pointed Swift observations were performed simultaneous with 
the INTEGRAL ones. Swift (IGehrels et al. 2004| l provides two 
narrow-field instruments, the XRT (Burrows et al72005| with 
energy range 0.3-10.0 keV and the UVOT ( Roming et al. 2005| l 
which is equipped with 6 filters in the optical and UV range. The 
XRT and UVOT data have been analysed using HEADAS ver- 
sion 6.1.1 applying latest calibration files as available in January 
2008. 

The INTEGRAL IBIS/ISGRI and JEM-X 1, as well as the 
Swift pointed observations are summarised in Table \T\ The ob- 
servations in INTEGRAL revolution 508, 565, and 569 are truly 
simultaneous with Swift pointed observations, while the public 
data obtained from revolution 256 to 282 are separated from the 
Swift observation by at least 10 months and also do not include 
any JEM-X data and therefore no information about the 9-18 
keV energy range. The SPI data showed only a marginal detec- 
tion on the 4cr level in the 20^0 keV energy band in the com- 
bined data set. The SPI spectrum can be fit by a single power 
law model with photon index F = 1 .8 ^l^'^ As these data are 
not strictly simultaneous with the other observations and are of 
low significance, the SPI data have not been considered in the 
following analysis of MCG-05-23-016. 

The data of IBIS/ISGRI, JEM-X, and Swift/ XRT have been 
fit simultaneously using XSPEC version 11.3.2 jArnaud 19961 1. 
As the most simplistic approach an absorbed power law model 
has been fit to the data. Only in the case of revolution 508 data 
this model gives an acceptable fit with xl - ^ -06 for 55 de- 
grees of freedom. In the other cases, a good fit was achieved 
with an absorbed cut-off power law model. The fit results are 
summarised in Table |2] All spectra require a high-energy cut- 
off in the range 60-85 keV. The only exception is the short ex- 
posure in revolution 508. In this case, the existence of a cut- 
off at 50 keV, 70 keV and 90 keV, can be rejected at a sig- 
nificance level of 3cr, 2cr, and Icr, respectively, as shown in 
Figure [1] None of the spectra required an additional reflec- 

' errors are Icr errors throughout the paper. 
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Table 1. Observation log of INTEGRAL and SwiftfKRT observations on MCG-05-23-016 



INTEGRAL 


time covered 


ISGRI exposure 


JEM-X exp. 


Swift/XRT 


exposure 


revolution 


U.T. 


[ks] 


[ks] 


U.T. 


[ks] 


256 - 282 


04-11-18 -05-02-05 


69.3 




05-12-09 


10.3 


508 


06-12-12-06-12-13 


26.3 


21.7 


06-12-13 


1.9 


565 


07-05-30 - 07-06-01 


128.7 


122.0 


07-05-31 


2.1 


569 


07-06-12 - 07-06-13 


89.4 


79.8 


07-06-13 


2.9 




1.55 1.6 1.65 1.7 1.75 1.8 1.85 

Photon Index 

Fig. 1. Contour plot for an absorbed cut-ofF power law applied to 
the combined Swift/XRT, INTEGRAL JEM-X 1, and IBIS/ISGRI 
data obtained in December 2006. The contours show the allowed 
range for the photon index and the cut-ofF energy at the 1, 2 and 
3 sigma level. No cut-ofF is required by the data. 



tion component. Applying a Compton reflection model, such as 
pexrav ( |Magdziarz & Zdziarski 1995 1 which describes a reflec- 
tion component from cold material using a cut-ofF power-law 
as continuum, shows that the existence oF such a component in 
MCG-05-23-016 can neither be proven nor rejected by the sin- 
gle spectra. The soFt X-ray excess below 0.8 keV, as reported in 
Reeves et al. (2007), is apparent only in Swift/XRT spectrum oF 
December 2005. 

As the spectral parameters listed in Tab.|2]appear to be nearly 
constant, we also applied a fit to the total combined data set 
as shown in Figure |2l The total combined spectrum can be fit 
by an absorbed cut-off' power law model with A^h = (1.24 + 



0.05) 10^^ cm^^ photon index F = (1.52 + 0.05), cut-off energy 
Ec = 72 keV. The fit results in;t'268 ~ 0.99. The significance 
oF the high energy cut-off and the tight constraint on the spec- 
tral slope can be seen in the contour plot shown in Figure [3] 
For this combined spectrum also the strength oF a possible 
Compton reflection component can be constrained. Applying the 
pexrav model and using the same relative iron abundance oF 
0.4 and inclination angle oF 45° as Reeves et al. (2007) result 
in similar absorption, photon index and cut-off energy (A^h - 
1.25 10^2 cm-2, r = 1.52+|J[J5, Ef = 72 keV), and gives 

a relative reflection strength of R ^ 0.06 ^o ^g Or^„ = 0.99). 
The compPS model developed by Poutanen & Svensson (1996) 
For a plane-parallel slab geometry using exact numerical solu- 
tion oF the radiative transFer equation indicates a stronger reflec- 
tion component (R - 0.4 j with an electron temperature oF 

kTe - 113^11 keV (xl^^ - 1 .04). It has to be pointed out though 
that this model is a significantly worse representation oF the data 
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10 

channel energy (keV) 



Fig. 2. Combined spectrum oF all Swift/XRT, INTEGRAL JEM- 
XI, and IBIS/ISGRI data obtained between November 2004 and 
June 2007. The absorbed cut-off power law fit results in A^h = 
(1.24+0.05) 10^2 cm-2, photon index r = 1.52+0.05, and cut-off 
energy E, = 72 keV For a xlf,^ = 0.99. 




1.5 

Photon Index 



Fig. 3. Contour plot For an absorbed cut-off power law ap- 
plied to all the combined SwiftPiRT, INTEGRAL JEM-X 1, and 
IBIS/ISGRI data listed in Table [1] The contours show the al- 
lowed range For the photon index and the cut-off energy at the 1 , 
2 and 3 sigma level. 



than the pexrav or the simple cut-off power law model. Thus, 
also in the overall combined spectrum a reflection component is 
not required, and can be constrained to R < 0.25 on a 2cr level. 
Adding a Gaussian line at the position oF the FeKa line gives an 
equivalent width oF EW -61 eV, although this component is 
not statistical significant. 
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We then left the iron abundance as a free parameter in the 
pexrav model and forced the iron line flux to have an equiv- 
alent width of 100 eV with respect to the reflection contin- 
uum alone. Applying this model, one finds that the iron abun- 
dance is not constrained by the data and one gets similar re- 
sults with a marginal evidence for a reflection component of 
R — 0.13 ^qJj consistent with no reflection , a cut-off" energy of 
Ef = 77![g keV, and photon index T = LSe^oo, Ofj^s = 1-02). 

The Swift pointed observations also provide flux informa- 
tion about the UV and the optical V, B, and U bands. All four 
^wi/f/UVOT measurements revealed the same fluxes within the 
error of 0.1 mag. The results were: V - 13.9mag,B - 14.9 mag, 
U = 15.3 mag, UVWl = 16.1 mag, UVM2 = IV.Omag, and 
UVW2 = 16.9 mag. 

2.1. Detection of 1RXS J09241 8.0-31 421 2 

Within the JEM-X data set covering the 3-35 keV energy range, 
another source is clearly detected in the field of view during 
the observation of MCG-05-23-016. The source position coin- 
cides with IRXS J092418.0-314212, currently an unidentified 
object. The source is not detectable in the IBIS/ISGRI data set 
and the source position is not within the Swift/XRT field of view. 
The JEM-X data cannot be represented by a power law model, 
but are well represented by a blackbody model with tempera- 
ture kT - 1.4^°'^ keV. We therefore suggest that this source is 
likely to be a Galactic X-ray binary system and that the spectrum 
shows the black body radiation emitted from the central parts of 
its accretion disc. 



3. Discussion 

3. 1 . The hard X-ray emission 

In our study of MCG-05-23-016 we have made use of the hard 
X-ray capabilities of INTEGRAL, and in particular of the imager 
IBlS/ISGRl, in combination with the soft X-ray spectrum pro- 
vided by Swift/XRT. Although the combined spectrum clearly 
does not provide the wealth of information in the soft X-rays as 
shown in XMM-Newton, Chandra, and Suzaku data, the better 
sensitivity at energies above 30 keV puts significant constraints 
on the hard X-ray component. First of all, a high-energy cut-off 
in the range 57 keV to 86 ke V is required in most of the observed 
spectra. However, one observation in December 2006 shows a 
spectrum extending up to ~ 200 ke V, excluding a cut-off at 50 
keV on a 3cr level, and at 90 keV on a Icr level, even when al- 
lowing for a different photon index of the underlying power law 
at the same time (Fig.[T]i. It is important to note though, that the 
spectrum in this case is significantly steeper (F = 1.7 + 0.1) than 
in the cases where a cut-off is measured (F = 1.5 + 0.1). 

The diff'erences in the hard X-ray spectrum, i.e. the differ- 
ences in high-energy cut-off and spectral slope, can be inter- 
preted as different temperatures of the electron plasma, which is 
the source of the inverse Compton emission thought to be the 
dominant component in this energy range. A physical model 
describing Comptonization of soft photons by a hot plasma, 
the so called compTT model, has been developed by Titarchuk 
(1994). The model includes the plasma temperature Te of the 
hot corona, the optical depth Tp of this plasma, and the tem- 
perature To of the soft photon spectrum. Because the spectrum 
starts at £■ ^ 0.7 keV, Tq is not well constrained by the data 
and has been fixed to 10 eV. Table |3] gives the results of this 
model for the individual data sets as well as for the combined 



Table 3. Thermal Comptonisation model (compTT) applied to 
combined MCG-05-23-016 data 



INTEGRAL 


A'h 


kT, 




-i'2-lOOkcV 


xl 


d.o.f. 


revolution 




[keV] 




[ergs-'] 






256 - 282 




11+'' 




4.3 X 10« 


1.08 


275 


508 




90+^^ 


0.5+^^^ 


4.6 X lO''^ 


0.97 


49 


565 


1.35 


23 +f 


2 1 +^"^ 


4.2 X 10« 


0.91 


79 


569 


^•^^-0.08 


14+5 


3 1 +*-^ 


4.4 X lO-*^ 


0.92 


96 


all data 


] oQ +004 
-0.04 


18+^ 


2 5+0.4 


4.4 X lO'*^ 


1.04 


268 





\ 










— 







1 10 100 

channel energy (keV) 



Fig. 4. Absorbed single power law model fit applied to the 2 - 
5 keV range of the combined data set. The ratio between the data 
and the model shows the soft excess at energies below 1 keV, the 
iron Ka line, the significant cut-ofF at high energies, but no trace 
of a reflection component. 



spectrum for plane geometry. As for the cut-off energy Eq, the 
variation of the plasma temperature is significant on a 2cr level. 
The highest plasma temperature and lowest optical depth is ob- 
served during revolution 508, when the cut-off in the hard X-ray 
spectrum disappeared (Tab. |2|. However, it has to be taken into 
account that the rev. 508 spectrum can also be fit by applying 
the same compTT model which gives the best fit to all data (i.e. 
with kTe - 18keV and Tp - 2.5) with an acceptable fit result 
ixl = 1.09 for 52 d.o.f.). 

Similar values for cut-off energy and photon index as 
presented here were derived previously based on combined 
BeppoSAX and INTEGRAL IBIS/ISGRI data, resulting in Ec = 
112+^2 keV, F = 1-74+QJ4, plus a reflection component with 

R = l-2i^j g jMolina et al. 2006] l. As these observations are not 
simultaneous, these values have to be taken with some caution 
though, and the reflection component is not well constrained. 

Apart from the variation of the cut-ofF energy and of the 
plasma temperature, describing a variable inverse Compton pro- 
cess, the low level of the reflection component in the data studied 
here is remarkable. Figure|4]shows a simple model fit applied to 
the combined data set, using an absorbed power law model fitted 
in the 2-5 keV range as done by Reeves et al. (2007) to show the 
significance of the reflection component. The ratio between the 
data and the model shows several components: the soft excess at 
energies below 1 keV, the iron Ka line, and the significant cut-ofF 
at high energies. There is no evidence however of a significant 
reflection component. The 2cr upper limit is R < 0.25, while in 
the observations presented by Reeves et al. (2007), a value of 
R < 0.7 can be excluded on a 3cr level. We have to conclude that 
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the strong reflection component, visible in the December 2005 
data taken by Suzaku, XMM-Newton and Chandra disappeared 
within a year Also the excess observed at soft X-rays by Reeves 
et al. is only detectable in the SwiftjXKY data from December 
2005 and not afterwards. At the same time, also the iron line 
complex has decreased in flux, from an equivalent width of 
EW = 1 30 ± 17 eV in December 2005 to about = 61+45eV 
in 2006/2007. Unfortunately the Swift IXm data do not allow 
us to disentangle the broad and narrow line component of the 
line complex, as reported in Balestra et al. (2004) and also in 
Reeves et al. (2007). If we assume that the narrow and the 
broad line components arise from two different absorber, with 
the broad line being emitted closer and the narrow line further 
away from the central engine as proposed by Reeves et al., then 
we might indeed observe the disappearance of the broad iron line 
{EW ^ 60 eV; Reeves et al. 2007) and of the reflection com- 
ponent connected to the close absorber between the December 
2005 and December 2006 observations, leaving the spectrum 
only with the narrow line component and reflection from the dis- 
tant absorber. This disappearance is not accompanied by a signif- 
icant change in X-ray luminosity or in UV/optical flux. The lack 
of hard X-ray flux variability appeared also in a study of MCG- 
05-23-016 using ^wi/f/BAT, which resulted in a marginal vari- 
ability of 6 + 4% on a 20 day time scale (IBeckmann et al. 20071 1. 
The soft X-ray spectrum in the range 2-10 keV however ap- 
pears to be variable by a factor of ~ 1.7 throughout historic 
observations. The SwiftlXSH data presented here give a flux of 
/2-iokeV - (7.1 - 8.1) X 10"" erg cm"^ s"', with literature values 
in the range /2-iokeV - (7.1 - 11.9) x 10"" erg cm"^ s"' (e.g. 
Mattson & Weaver 2004, Balestra et al. 2004). 

Mattson & Weaver (2004) also found variable Compton 
reflection when studying MCG-05-23-016 with RXTE and 
BeppoSAX. In their study, the strength of the reflection compo- 
nent is anti-correlated with the 2 - lOkeV flux. In this context, 
one would expect a very high reflection component in the data 
presented here, where the 2-10 keV flux is at the historic mini- 
mum. When using the same photon index of F = 1 .77 as Mattson 
& Weaver, we get a relative reflection of R - 0.78 ^q jj, but at 
the same time xl rises to 1.10, compared to xl = 0.99 with no 
reflection and a photon index of F = 1.52. We therefore do not 
consider the fixed spectral slope the valid approach to fit the data 
presented here. A similar behaviour, of a hardening of the spec- 
tra with decreasing reflection component as we see it from com- 
parison with previous measurements, has been observed before. 
Zdziarski, Lubinski & Smith (1998) analysed this relation for 
61 Ginga observations of 24 radio quiet Seyfert galaxies. They 
found a strong correlation of the form R - u V with the param- 
eters u = (1.4 + 1.2) lO""* and v = 12.4 + 1.2. The observed 
trend follows closely this relation. Our measurement of F = 1 .5 
would result inR - 0.03 + 0.04, consistent with the upper limit 
we derived. Also the results of Mattson & Weaver and of Reeves 
et al. (2007) fit well on this correlation. The measurement of 
Molina et al. (2006) based on non-simultaneous BeppoSAX and 
INTEGRAL IBIS/ISGRI data however, with = 1 .2 and F = 1 .7 
lies about Icr off this relation which results in R - 0.13 + 0.16. 
This might indicate that it is indeed essential to study simultane- 
ous observations when determining the strength of the reflection 
component. 

An inverted source behaviour in the sense that the strength of 
the reflection component is anti-correlated with the 2 - lOkeV 
flux might be another hint for a scenario in which the reprocess- 
ing occurs at large distance to the central engine of the AGN, and 
therefore a correlation of the reflected component and the contin- 
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Fig. 5. Spectral energy distribution of the combined data set, in- 
cluding 5w//f/U VOT optical and UV data as well as Swift [XKl 
soft X-ray, and INTEGRAL JEM-X and IBISASGRI hard X-ray 
data. In addition, 2MASS measurements (J, H, and Ks) and ra- 
dio data (6 cm and 20 cm) have been added. Data have been 
corrected for Galactic hydrogen column density, but not for in- 
trinsic absorption. 



uum would appear with a large delay (IMalzac & Petrucci 2002l l. 
Based on the data analysed here, this distance appears to be 1.5 
light years, as there is no variability observable in the 2-100 keV 
X-ray luminosity, but significant variation in the reflection com- 
ponent. This would place the material relevant for the reprocess- 
ing at a distance of 0.55 pc, at the outer regions of the accretion 
disc. This being said, we cannot exclude that the flux varied in 
between the observations presented here, therefore the distance 
has to be taken as an upper limit. 

3.2. Accretion power in MCG-05-23-016 

MCG-05-23-016 presents a rather unique case. Its spectrum is, 
at least to the first order, nearly constant in shape and luminosity, 
with a possibly variable reflection component (R - ... 1) and 
high energy cut-off {Eq = 50 . . . 120 keV). The over all luminos- 
ity is low. Using the X-ray luminosity of -L2-20()keV - 10^"* erg s"' 
as a proxy for the bolometric luminosity, the small black hole 
mass of 2 X 10^ Mq (Whang & Zhang 2007) leads to a large 
Eddington ratio of Lboi/LEdd > 0.4. As the UV/optical emission 
is at least of the same order as the X-ray one, it is more likely that 
the Eddington ratio is as high as Lhoi/LEdd > 0.8. Considering 
the error on the mass determination, this translates in a range of 
Lboi/LEdd - 0.2 - 5. 

An independent way to determine the mass of a black hole 
is to study its temporal behaviour Following McHardy et al. 
(2006), the detection of a break in the X-ray power spectral den- 
sity (PSD) of an AGN would allow to estimate the black hole 
mass thanks to the relation Tb - 2.1\og(MBH x 10"''Mq') - 
0.981og(Lio; X lO-'*'^erg-^ s) - 2.32 . Using the data coflected 
by RXTEfPCA and XMM-NewtonfPN between 1996 and 2005, 
we estimated the X-ray PSD and structure function {RXTE data 
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only) of MCG-05-23-016. The structure function has the ad- 
vantage of working in the time domain and therefore being less 
sensitive to alias and windowing problems than the Fourier anal- 
ysis. The PSD was calculated for each observation longer than 
10 ks (on 200 seconds binned light curves), and the PSDs ob- 
tained were averaged and binned in logarithmically spaced bins 
(e.g. Uttley et al. 2002). The final PSD shows a flattening be- 
tween 2 X 10"^ - 10""* Hz (10-50 ks), close to the minimum fre- 
quencies sampled by these data (~ 7 x 10"^ Hz). Also the struc- 
ture function presents the hint of a break, but rather at ~3.5 ks. 
The lack of a longer-term monitoring prevents us from drawing a 
firm conclusion about the presence and the position of the break. 
Assuming a break in the range 0.04-0.6 days (3.5-50 ks), we 
achieve a black hole mass of Mbh = 1.84 - 3.3 x 10^ Mq. It has 
to be taken into account though that for the given bolometric lu- 
minosity the formula does not allow for black hole masses lower 
than 1.8 X 10^ Mq, even when the break time approaches zero. 
This means that it implies an upper limit for the Eddington ratio 
of Lhoi/LEdd < 0.1 at a luminosity of Li,oi = 2 x 10"^"* erg s"', 
which might be exceeded in the case presented here. It also 
means that the mass estimate of MCG-05-23-016 based on the 
temporal behaviour is at the lower limit of the possible values. 

Figure |5] shows the SED of the source for the data pre- 
sented here, corrected for Galactic absorption of Nh.coI = 8 x 
10^*^ cm"^ in the line of sight, giving an extinction of Ay - 
Nnl\.19 X 10^1 cm-2 = 0.45 mag dPredehl & SchmittT995] ). 
The extinction in the UV is higher (e.g. Au — 0.74 mag), 
while the effect is insignificant in the near infrared with e.g. 
Ak = 0.05 mag (Schlegel, Finkbeiner, & Davis 1998). To the 
simultaneous data we added previous observations in the J, H, 
and Ks band from the 2MASS and VLA observations at 6 cm 
and 20 cm dUlvestad et al. 1984] l for comparison. The SED in- 
dicates that the bolometric luminosity is probably Lhoi > 2Lx- 
Even considering the uncertainty of the mass determination, 
the source cannot be assumed to be a typical low-luminosity 
AGN, which exhibits Eddington ratios in the range 10"^ to 
10 (Ho 1999), and the Seyfert 1.9 shows an Eddington ra- 
tio 10^ times larger than that of Sgr A* which has a similar 
mass of M = 3.3 x IO^'Mq (Schodel et al. 2002). If we assume 
that the mass is in fact M < 5 x 10^ Mq then the Eddington 
ratio of Lhoi/LEdd > 0.8 is also remarkable when compared 
to other Seyfert galaxies. Woo & Urry (2002) list a total of 
32 Seyfert galaxies with black hole masses lower than 10^ M© 
and only 3 of them have Lhoi/LEdd > 1, whereas the average 
of these lower mass black holes is Lboi/LEdd - 0.30 + 0.05. 
In the Galactic equivalent, the hard state is usually reached at 
small Eddington ratios, like Lh„i/LEdd - 10"^ in the case of 
XTE Jl 118+480 (Esin et al. 2001), and 0.003 - 0.2 for XTE 
J1550-H564 (Done & Gierliriski 2003). In fact the SED of the X- 
ray nova XTE Jl 1 18+480 in the low state appears very similar 
to the one of MCG-05-23-016. In XTE Jl 1 18+480 the thermal 
disc component has a temperature as low as 24 eV. Considering 
that the temperature scales with T oc M""-^^, the disc emission 
of the Seyfert can be expected at much lower frequencies and 
can be hidden in the SED component peaking around lO'**^ Hz. 
XTE Jl 118+480 also shows a power law component dominat- 
ing the spectrum in the 0.4 - 160keV range with a photon index 
of r = 1.8 (McClinto ck etal 2001D . The overall SED in this 
object can be explained by an advection dominated accrection 
flow (ADAF) model at 2% Eddington ratio jEsin etal. 2001I) . 
Although the SED of MCG-05-23-016 appears to resemble the 
one of XTE 1 1 18+480, its high Eddington ratio is unlikely to be 
arising from a radiative inefficient accretion as described in the 
ADAF. An object with higher Eddington ratio also in the hard 



state is GX 339-4, which reaches Lhoi/LEdd - 0.25 in the hard 
state in some cases before the state transition into the high-soft 
state (Zdziarski et al. 2004), consistent with MCG-05-23-016, 
although on average GX 339^ reaches only an Eddington ratio 
of 0.015 and 0.05 during quiescence and during outburst, respec- 
tively. Considering a time scale for accretion rate changes in GX 
339-4 of ~ 1000 days (Zdziarski et al. 2004), this would corre- 
spond to time scales of ~ 1 Myrin the case of MCG-05-23-016, 
as the variation times scale with the mass of the black hole. 

Objects which are thought to exhibit extremely high 
Eddington ratios are the ultra-luminous X-ray sources (ULX). 
The true nature of these objects is still unclear though. 
Considering their luminosity, they are either intermediate mass 
black holes (IMBH) with a central mass as high as 100 - 
100, 000 Mo (e.g. Colbert & Mushotzky 1999), or alterna- 
tively they are operating at very high Eddington ratio, as large 
as LtoilLEdd > 20 (Soria et al. 2007i IRoberts 20071) . ULX 
also show hard spectra and low temperature disc similar to 
XTE J 1550-564 in very high state where the disc temperature 
decreases (e.g. Kubota & Done 2004). A study of Chandra data 
on ULX showed that the spectra can often be fitted by a simple 
power-law model, without evidence for thermal accretion disc 
components ( jBerghea et al. 2008] ), similar to MCG-05-23-016. 
In some cases ULX show a disc component, e.g. the XMM- 
Newton observation of two ULX in NGC 1313 revealed soft 
components which are well fitted by multicolor disc blackbody 
models with color temperatures of A:r ^ 150 eV. 

An alternative model for the accretion process onto black 
holes has been proposed by Courvoisier & Tiirler (2005), in 
which the accretion flows consist of different elements (clumps) 
which have velocities that may differ substantially. As a con- 
sequence, collisions between these clumps will appear when 
the clumps are close to the central object, resulting in radia- 
tion. In the case of MCG-05-23-016, this model results in low- 
energetic collisions, which is also indicated by the missing vari- 
ability in the UV band as seen by SwiftlXJVOT, where these col- 
lisions should cause flux variations. 

Low mass AGN like MCG -05-23-016 operating at high 
Eddington rate might be an early state in the evolution towards 
high-mass black holes as seen in quasars. As the highest mea- 
sured redshift of a quasar to date is z = 6.43 (Willott et al. 2007), 
we can assume that these objects with black hole masses of 
M > 10^ Mq appear in the Universe around z ~ 7. If we assume 
the formation of the first heavy black holes with M ~ 10^ M© 
at redshift z - 10, we indeed need high mass accretion rates. 
An object like MCG -05-23-016, if we consider its mass to 
be indeed M < 5 x 10^ Mq, with a constant Eddington ratio of 
Lboi/LEdd - 0.8 and starting black hole mass of M{z = 10) = 
10^ Mq would reach a mass of M(z = 7) = 4 x 10** Mq. However, 
this would require not only the existence of a super massive 
black hole with M ~ 10'' Mq at redshift z = 10, but also a high 
accretion rate over a time span of 3 x 10** yrs. But even at a duty 
cycle of only 20% for AGN activity at z > 7, objects like MCG 
-05-23-016 can evolve to 10** M©, and it has to be taken into 
account that the duty cycle of AGN is likely to be larger in the 
high-redshift Universe (Wang et al. 2008). On the other hand, 
it has to be considered that the environment in which the AGN 
grows at redshifts z > 7 might be significantly different than the 
one we observe MCG -05-23-016 at in the local Universe. 

4. Conclusions 

The Seyfert 1.9 galaxy MCG-05-23-016 shows evidence for a 
variable reflection component, variable plasma temperature and 
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high-energy cut-ofF energy. The combined data set presented 
here shows a low reflection component (R < 0.3) compared 
to previous studies which show a value as high as = 1. The 
data require a high-energy cut-off" at 72 keV, but one obser- 
vation shows an undisturbed power-law up to £ > 100 keV. 
Tighter constraints on the hard X-ray spectrum and the eff'ect 
of Compton reflection will be only achievable with focusing op- 
tics, as they will be provided by the future missions Simbol-X, 
NuSTAR, and NEXT. 

During the observations the over all luminosity of the hard 
X-ray emission remained rather constant, as did the UV/optical 
emission. The spectral energy distribution shows similarities 
with the one of the X-ray nova XTE J 111 8+480 in the low-state 
with the peaks of the SED shifted according to what one would 
expect from a scaHng of T oc M-"-25. While XTE J 111 8+480 is 
assumed to accrete at low efficiency, perhaps through an advec- 
tion dominated accretion ffow, the Seyfert core is likely to be in 
a radiative efficient state. The low mass of the central black hole 
implies that the accretion onto the central engine takes place at 
a high Eddington ratio. An equivalent in the Galactic black hole 
class appears to be GX 339-4 in hard state before state transi- 
tion, although the efficiency of the accretion in MCG-05-23- 
016 is still higher In this respect this source shows similarities 
to ULX. These high accretion ffows are a key element in order to 
understand the rapid growth of black holes in the early Universe. 
Objects like MCG-05-23-016 might indicate the early stages of 
super massive black holes, in which a strong accretion ffow feeds 
the central engine. With an Eddington ratio of > 0.8, objects like 

the one presented here can develop into quasars with 10^ M©, 
even considering a duty cycle of only 20%, within a time span 
of 3 X 10** yrs. 
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